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Pre-surgical evaluation and the surgical treatment of non-lesional neocortical epilepsy is one of the most challenging areas in
epilepsy surgery. The aim of this study was to evaluate the surgical outcome and the diagnostic role of ictal scalp electroen-
cephalography (EEG), interictal 18F-fluorodeoxyglucose-positron emission tomography (FDG-PET), and ictal technetium-
99m hexamethylpropyleneamine oxime single photon emission tomography (99mTc-HMPAO SPECT). In 41 non-lesional
neocortical epilepsy patients (16 frontal lobe epilepsy, 11 neocortical temporal lobe epilepsy, seven occipital lobe epilepsy, four
parietal lobe epilepsy, and three with multifocal onset) who underwent surgical treatment between December 1994 and July
1998, we evaluated the surgical outcome with a follow-up of at least 1 year. The localizing and lateralizing values of ictal scalp
EEG, interictal FDG-PET, and ictal SPECT were evaluated in those patients with good surgical outcome. Ictal scalp EEG had
the highest diagnostic sensitivity in the localization of epileptogenic foci (69.7% vs. 42.9% for FDG-PET and 33.3% for ictal
SPECT; P = 0.027). However, no significant difference was found in the lateralization of the epileptogenic hemisphere among
the three modalities (78.8% for ictal scalp EEG, 57.2% for FDG-PET, and 55.5% for ictal SPECT; P = 0.102). During a mean
follow-up of 2.77± 1.12 years, 33 (80.5%) showed good surgical outcome (seizure free or seizure reduction >90%), including
16 (39.0%) seizure free patients. Ictal scalp EEG was the most useful diagnostic tool in the localization of epileptogenic foci.
Interictal FDG-PET and ictal SPECT were found to be useful as complementary and, sometimes, independent modalities. Many
patients with non-lesional neocortical epilepsy would benefit from surgical treatment.
c© 2002 BEA Trading Ltd. Published by Elsevier Science Ltd. All rights reserved
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INTRODUCTION
As the surgical treatment of epilepsy has improved
in recent years, many patients with intractable
epilepsy have now benefited from surgical procedures.
However, most surgical treatment has involved medial
temporal lobe epilepsy (mTLE) and lesional neocor-
tical epilepsy1. Thanks to the development of high
resolution magnetic resonance imaging (MRI), con-
cordant results of electrophysiological and MRI study
have the highest predictive value of good surgical out-
come2, 3. However, it has been reported that MRI was
non-contributive in 29% of partial epilepsy patients4
and many patients referred to epilepsy centres for
surgical treatment had normal MRI findings.
In the pre-surgical evaluation of non-lesional
neocortical epilepsy, intracranial monitoring is in-
dispensable but has limitations in sufficient sam-
pling. To obtain the appropriate information from
intracranial monitoring, non-invasive studies such as
ictal scalp electroencephalography (EEG), positron
emission tomography (PET), and ictal single photon
emission computed tomography (SPECT) play an
important role in the pre-surgical evaluation and it is,
therefore, important to know the diagnostic sensitivity
of the individual modalities. However, there have
been no comparative analyses of the diagnostic roles
of individual non-invasive modalities, using surgical
outcome as a gold standard. Previous studies reported
that surgical outcome was substantially poor but these
were based on a very limited sample of patients5–7.
The objective of this study was to evaluate the
surgical outcome and the diagnostic sensitivity of ictal
scalp EEG, interictal 18F-fluorodeoxyglucose(FDG)-
PET, and ictal SPECT in non-lesional neocorti-
cal epilepsy.
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PATIENTS AND METHODS
Patients
We included 41 consecutive patients without de-
tectable lesions on MRI who underwent surgical
treatment for intractable epilepsy at Seoul National
University Hospital from December 1994 to July
1998. There were 27 men and 14 women with ages
ranging from 8 to 44 years (mean, 28.0 ± 7.6 years).
The age of seizure onset ranged from 2 to 25 years
(mean, 12.4 ± 6.4) and the duration of illness from
3 to 27 years (mean, 14.1 ± 6.6). All patients had
intractable epilepsy in spite of proper anticonvulsant
medication. The duration of the mean follow-up after
operation was 2.77± 1.12 years.
Pre-surgical evaluation
Standard MRI was performed on either a 1.0 T or a
1.5 T unit with conventional spin-echo T-1 weighted
sagittal and T-2 weighted axial and coronal sequences
in all patients. Section thickness and gap were 5 mm
and 1 mm, respectively. In most patients, T-1 weighted
3D magnetization prepared rapid acquisition with
gradient-echo sequences with 1.5 mm-thick sections
and T-2 weighted and fluid attenuated inversion
recovery (FLAIR) images with 3 mm-thick sections
were obtained in the oblique coronal plane of the
temporal lobe. The angle of oblique coronal imaging
was perpendicular to the long axis of the hippocampus.
Spatial resolution was approximately 1.0 × 1.0 mm
(matrix, 256× 256 mm; field of view, 25 cm).
Interictal FDG-PET was performed in 34 patients.
Axial raw data was obtained on a PET scanner
60 minutes after intravenous injection of FDG (FDG,
370MBq) during the interictal period. Acquisition
time was approximately 20 minutes. Axial images
were reconstructed with a Shepp-Logan filter (cutoff
frequency, 0.35 cycles per pixel) and realigned in
the coronal and sagittal planes. Spatial resolution was
6.1× 6.1× 4.3 mm.
Ictal SPECT was performed on 34 patients. Baseline
axial interictal and ictal SPECT data were acquired
using a triple-head camera with a fanbeam collimator
after intravenous injection of technetium-99m hex-
amethylpropyleneamine oxime (99mTc-HMPAO, 925
MBq). Axial images were reconstructed with a Metz
filter (cutoff frequency, 1.7–2.0). For ictal SPECT,
intravenous injection was performed during the ictal
period and images were obtained in 1–3 hours. Axial
images were realigned in the coronal and sagittal
planes. Section thickness was 5 mm and spatial
resolution was 12× 12 mm.
In all patients, ictal scalp EEGs were recorded using
video-EEG monitoring systems (Telefactor, USA)
with electrodes placed according to the International
10–20 System, including additional anterior temporal
electrodes. To identify the ictal onset zone, we
performed intracranial monitoring with grid and strip
in all patients. Results of ictal scalp EEG, PET, ictal
SPECT, and clinical semiology were a guide regarding
where to place grids and strips. Interictal activity
and at least three habitual seizures were recorded
from implanted electrodes. When necessary, pre- and
intraoperative functional mapping and intraoperative
electrocorticography (ECoG) was performed. The site
and extent of resection was determined by the findings
of ictal and interictal intracranial EEG, intraoperative
ECoG, and functional mapping.
Decision of surgery
The criteria for the decision of resection margin were
as follows: (1) focal or regional intracranial EEG
onset preceding clinical ictal onset; (2) persistent
pathologic delta slowings and frequent ictal onset; and
(3) absence of eloquent cortex. We resected the non-
eloquent ictal onset zone verified by invasive study
including the area with persistent pathological delta
slowings and frequent interictal spikes. The focal or
regional ictal onset of intracranial EEG was defined
when initial ictal rhythm was confined in less than four
or eight intracranial electrodes, respectively. However,
selection bias may be inevitable as the patient with
localizable ictal rhythm of scalp EEG may have more
of a tendency to undergo invasive study than patients
without it.
During the same period of time, three cases of
MRI negative neocortical epilepsy were assessed
invasively but not operated on. Most ictal onset zones
of intracranial EEG were overlapped with eloquent
cortices in two cases. We were unable to find the
regional ictal onset zone in one case. In our cases,
four patients underwent the second set of invasive
studies because the localization was considered to be
inadequate in the initial invasive monitoring. Evidence
of inadequate localization included clinical seizure
onset preceding intracranial EEG onset, widespread
intracranial EEG onset, and EEG seizure onset first
detected at the edge or corner of a subdural grid or
at the tip of a strip electrode.
Evaluation of the diagnostic role of the
non-invasive studies
To exclude the possibility of the false localization
of epileptogenic foci, the localizing and lateralizing
values of individual modalities were analysed only
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in those patients with good surgical outcome (Engel
class 1–3).
Ictal scalp EEGs were reviewed and classified by
two epileptologists after a consensus was reached. The
localizing pattern was defined as the localized ictal
rhythm confined to the electrodes of an epileptogenic
lobe or two adjacent electrodes. The lateralizing pat-
tern was defined as the ictal rhythm in the electrodes
of multilobes, including the epileptogenic lobe but
lateralized to the epileptogenic hemisphere. The non-
lateralizing pattern was defined as no identifiable
ictal rhythm or bilateral hemispheric onset. The false-
localizing pattern was defined as the ictal rhythm in the
electrodes of other lobes in the ipsilateral hemisphere,
and the false-lateralizing pattern as the ictal rhythm in
the contralateral hemisphere.
FDG-PET and ictal SPECT scans were reviewed by
a nuclear medicine specialist blinded to seizure focus.
By visual qualitative analysis, FDG-PET and ictal
SPECT were classified as localizing, lateralizing, non-
lateralizing, false-localizing, and false-lateralizing
(Table 1). The result of interictal SPECT was
considered in the interpretation of ictal SPECT.
Table 1: Classification of interictal FDG-PET and ictal SPECT
findings.
Localizing Localize the epileptogenic lobe
Lateralizing Multilobar including epileptogenic lobe
within the epileptogenic hemisphere
Non-lateralizing Normal or multilobar in both hemispheres
False-localizing Other lobes in the epileptogenic hemisphere
False-lateralizing Contralateral hemisphere
Follow-up
Follow-up information was available in all patients
for a period of at least 1 year. According to the
classification of Engel et al.1, surgical outcomes were
classified into four groups. To overcome the limits
of small sample size for statistical analysis, surgical
outcome was divided into good and poor outcomes.
The good outcome group was composed of Engel
class 1–3, whereas the poor outcome group was Engel
class 4. Partial seizures occurring in the first two post-
operative weeks were not considered.
Statistical analysis
The localizing and lateralizing values of individual
pre-surgical evaluation modalities were compared us-
ing the chi-squared test. To determine the significance
of prognostic factors in terms of surgical outcome,
univariate analyses were performed for age of onset,
duration of illness, age at operation, location of
epileptogenic foci, localization by ictal scalp EEG,
interictal FDG-PET, ictal SPECT, and concordance of
non-invasive studies. Mann–Whitney U , chi-squared,
or Fisher’s exact tests were used, depending on the
tested variables.
RESULTS
Surgical outcome
Thirty-three patients (80.5%) had good surgical
outcome (Engel class 1–3), including 16 seizure free
patients (39.0%). However, eight patients (19.5%) had
poor outcome.
Table 2 shows surgical outcome related to the loca-
tion of the epileptogenic foci. The outcome of frontal
lobe epilepsy (FLE) was less favourable than that
of extrafrontal epilepsy but failed to reach statistical
significance (P = 0.11, by Fisher’s exact test).
Three patients had multifocal epileptogenic foci
identified by intracranial monitoring. The outcome of
two patients who received multilobar resection was
Engel class 3, whereas that of one patient who received
resection in one area was Engel class 4. By univariate
analysis, the outcome was not related to factors such
as age of onset, duration of illness, age at operation,
location of epileptogenic foci, or concordance of non-
invasive studies. Neither was the outcome related to
whether localizing information was provided by ictal
scalp EEG, interictal FDG-PET, or ictal SPECT.
Pathology
Pathological data was available on 36 patients. There
were 28 cortical dysplasias, six other migration
abnormalities, one focal neuronal loss with gliosis,
and one ischaemic change. In one patient, moderate
cortical dysplasia was associated with dysembryoplas-
tic neuroepithelial tumour.
Ictal scalp EEG
In 33 patients with good surgical outcome, ictal scalp
EEG localized the epileptogenic lobe in 22 (66.7%)
(Table 3). Seven out of 22 patients had a discrete
pattern (the initial ictal rhythm of one electrode
was 200% greater in amplitude than the others),
and their outcomes were good (Fig. 1). According
to the epileptogenic foci (Table 4), ictal scalp EEG
localized neocortical temporal lobe epilepsy (ncTLE)
better than extratemporal neocortical epilepsy with
marginal statistical significance (P = 0.055). In
26 (78.8%) patients, ictal scalp EEG lateralized
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Table 2: Surgical outcome of 41 patients with non-lesional neocortical epilepsy according to the location of epileptogenic foci.
Location No. of Engel class
patients (n) I II III IV
Temporal 11 5 3 2 1
Occipital 7 4 2 1 0
Parietal 4 2 0 1 1
Frontal 16 5 1 5 5
Multifocal 3 0 0 2 1
Total 41 16 (39.0%) 6 (14.6%) 11 (26.8%) 8 (19.5%)
Table 3: Diagnostic sensitivity of individual modalities in all patients.
n Localizing Lateralizing Non-lat F-local F-lateral
Ictal scalp EEG 33 22 4 6 1 0
66.7% 12.1% 18.2% 3.0%
PET 28 12 4 5 5 2
42.9% 14.3% 17.9% 17.9% 7.1%
Ictal SPECT 27 9 6 5 6 1
33.3% 22.2% 18.5% 22.2% 3.7%
P value∗ 0.027 0.102a 0.025b
Non-lat: non-lateralizing, F-local: false-localizing, F-lateral: false-lateralizing; ∗ by chi-squared test; a statistical analysis was performed,
including the cases with localizing value; b statistical analysis was performed, combining the cases with the false localization and
lateralization.
the epileptogenic hemisphere. Non-lateralization was
found in six patients. Four of them had an ictal onset
zone in the medial or the high frontal area, one in
the lateral frontal, and one in the occipital area. In
one patient with parietal lobe epilepsy (PLE), the ictal
rhythm was falsely localized to the anterior and middle
temporal electrodes.
Interictal FDG-PET
FDG-PET scans were performed in 28 patients
with good surgical outcome. They localized the
epileptogenic lobe in 12 (42.9%) and lateralized
the epileptogenic hemisphere in 16 patients (57.2%)
(Table 3). According to the location of epileptogenic
foci (Table 4), ncTLE was relatively well localized by
FDG-PET but failed to reach statistical significance
(P = 0.105). In five patients (two occipital
lobe epilepsy {OLE}, two PLE, and one FLE),
the hypometabolic area was falsely localized to the
temporal lobe in three, the frontal in one, and the
frontotemporal in one. In two patients (one OLE and
one ncTLE), the hypometabolic area was observed in
the contralateral hemisphere.
Ictal 99mTc-HMPAO SPECT
Ictal SPECT was performed on 27 patients with
good surgical outcome. It localized the epileptogenic
lobe in nine (33.3%) and lateralized the epileptogenic
hemisphere in 15 patients (55.5%) (Table 3). In six
patients (three FLE, two OLE, and one PLE), ictal
hyperperfusion was falsely localized to the temporal
in four, the frontal in one, and the parietal lobe in one.
False-lateralization to the contralateral temporal lobe
was found in one FLE patient.
In 17 patients, injection time data was available,
and the mean was 33.8 ± 14.4 seconds. There was
no difference between the localized and non-localized
groups (P = 0.245, by Mann–Whitney U -test) or
between the lateralized and non-lateralized groups
(P = 0.963, by Mann–Whitney U -test).
According to the location of the epileptogenic foci
(Table 4), ictal SPECT localized ncTLE better than
extratemporal lobe epilepsy (P = 0.017).
Comparison of the diagnostic sensitivities
Table 3 shows that ictal scalp EEG was the most useful
in the localization of epileptogenic foci (P = 0.027).
The lateralizing value was also higher for ictal scalp
EEG than PET or ictal SPECT but failed to reach
statistical significance (P = 0.102). False localization
or lateralization was also found to be significantly
lower for ictal scalp EEG (P = 0.025).
Concordance of individual modalities
Table 5 shows the concordance of individual modal-
ities in the good and poor surgical outcome groups.
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Fig. 1: (a) Ictal EEG showed the discrete pattern of rhythmic alpha evolving to rhythmic spikes in right frontal electrode (F4);
(b) skull X-ray showed ictal onset & early spreading zone identified by intracranial monitoring.
Table 4: Localizing value of individual modalities in the neocortical temporal and extratemporal epilepsy with good surgical
outcome (excluding the cases with multifocal onset).
Ictal scalp EEG PET Ictal SPECT
Neocortical temporal 9/1a 7/3 5/2
Extratemporal 11/10 5/11 3/15
P value∗ 0.055 0.105 0.017
∗ By Fisher’s exact test in comparison of localizing value between the neocortical temporal and extratemporal epilepsy; a a/b, a: number of
localization, b: number of non-localization.
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Concordance of all modalities was observed in five
ncTLE patients and concordance of two modalities
in seven patients. Ictal scalp EEG and PET were
concordant in four patients (three ncTLE and one
OLE). Ictal scalp EEG and ictal SPECT were
concordant in three patients (each in ncTLE, FLE,
and OLE). However, no patient showed concordance
only in PET and ictal SPECT. Of the 22 patients
localized by only one modality, epileptogenic foci
were localized by ictal scalp EEG in 16, FDG-PET
in four, and ictal SPECT in two patients. In seven
patients, epileptogenic focus was not localized by any
of the three modalities and the invasive study was
guided only by semiology.
Table 5: Comparison of concordance between good and poor
surgical outcome group.
Concordance Good outcome Poor outcome
(n = 33) (n = 8)
Three modalities 4 1
Two modalities 7 0
One modality 17 5
All non-localizing 5 2
Comparison of concordance between the good and
poor outcome groups showed that the concordance
rate was higher in the good outcome group, but there
was no statistical significance (P = 0.398, Fisher’s
exact test).
When ictal scalp EEG localized epileptogenic foci,
PET was concordant in eight and ictal SPECT
concordant in seven patients. When ictal scalp EEG
did not localize the epileptogenic foci, PET localized
the epileptogenic foci in four (three FLE and one OLE)
and ictal SPECT in two patients (one ncTLE and one
FLE) as shown in Table 6.
Table 6: Complementary role of interictal FGD-PET and ictal
SPECT in patients with good outcome.
Ictal scalp EEG
Localizing Non-localizing
PET Localizing 8 4
(n = 28) Non-localizing 11 5
Ictal SPECT Localizing 7 2
(n = 27) Non-localizing 11 7
However, when ictal scalp EEG localized epilepto-
genic foci, PET evoked confusion in four patients (two
OLE, one FLE, and one PLE) by false localization
or lateralization to the temporal lobe in three and the
frontal lobe in one patient. Ictal SPECT also evoked
confusion in two FLE patients by false localization to
the temporal lobe.
DISCUSSION
In neocortical epilepsy, ictal scalp EEG has serious
limitations, frequently non-localizing and sometimes
falsely localizing if the focus is very circumscribed
or in the depths of a sulcus8–13. Profound motion
artifact at ictal onset is another obstacle to accurate
EEG interpretation.
Our results suggest that ictal scalp EEG is the
most important tool when deciding whether surgical
treatment should be considered and when planning an
invasive study in patients with non-lesional neocortical
epilepsy. However, selection bias may be inevitable
as we have already mentioned because patients with
localizable ictal rhythm of scalp EEG may have more
of a tendency to undergo invasive study than patients
without it.
Though the localization of an epileptogenic lobe
by ictal scalp EEG did not predict surgical outcome,
seven patients with discrete patterned EEG had good
outcome. Fast beta activities are the most common
frequency detected in intracranial monitoring at ictal
onset. The discrepancy in frequency between scalp and
intracranial monitoring could be partly explained by
the distance from the true ictal onset zone to the scalp
electrode14, 15. A discrete patterned EEG, particularly
alpha or beta range at ictal onset, might suggest that
the epileptogenic area involves the localized lateral
convexity rather than a widespread or deep area and,
consequently, the chance of complete resection of the
epileptogenic focus might be increased.
The role of FDG-PET in pre-surgical evaluation
has been reduced by the recent advances of the
MRI technique. However, FDG-PET remains an
important clinical tool in patients with non-lesional
neocortical epilepsy. In this study, FDG-PET localized
the epileptogenic lobe in 42.9% of patients, which is in
contrast with previous reports that FDG-PET provided
little information in the case of no detectable lesion
on MRI16–19. This might be related to the improved
resolution of the PET scanner. Another possibility is
that neuronal migration disorder, the most common
pathology in this study, might be relatively well
detected by FDG-PET. Lee et al.20 reported that FDG-
PET was abnormal in 15 of 17 epileptic patients
with neuronal migration disorder, although all 15
showed abnormalities by MRI, and PET was negative
in two patients with normal MRI. However, Chugani
et al.21 reported focal hypometabolism on FDG-
PET in a small number of children with cryptogenic
infantile spasms. Four patients underwent surgical
removal of these regions and were seizure free post-
operatively. Neuropathologic examination of resected
tissue showed microscopic cortical dysplasia.
We found that for extratemporal epilepsy, the
diagnostic sensitivity of interictal FDG-PET was
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Fig. 2: FDG-PET of left ncTLE patient showed the localized hypometabolic area in left (L) temporal lobe. R = right.
31.3%, which is considerably higher than that reported
by Spencer16 who found positive PET scans in only
9% of extratemporal epilepsy patients with normal
MRI scans. For ncTLE, the diagnostic sensitivity
was surprisingly high at up to 70%. Thus, it could
be a useful diagnostic method in non-lesional cases
particularly if the semiology and/or ictal EEG is
suggestive of ncTLE (Fig. 2).
Ictal SPECT has been shown to be useful for
defining the ictal onset zone and is expected to provide
localizing information even in patients with normal
MRI16, 22. However, its diagnostic sensitivity (33.3%)
was less than expected in our study. Furthermore, in
extratemporal epilepsy, only three out of 18 patients
were correctly localized by ictal SPECT (Fig. 3).
This finding is in contrast with a previous report
in which the diagnostic sensitivity was 81% for
extratemporal lobe epilepsy16. This difference might
be related to several factors such as the injection
time, radioligands, resolution of SPECT, or method
of analysis. However, EEG was used as a gold
standard and lesional cases were included in the
previous report. Our results suggest that, in cases
of non-lesional neocortical epilepsy, traditional visual
inspection of ictal SPECT is not as sensitive as
previously reported and a new technique is necessary
to improve its clinical usefulness. A recent report
demonstrated that computer-aided subtraction of ictal
SPECT co-registered to MRI (SISCOM) improved
the clinical usefulness of SPECT in localizing the
epileptogenic focus23. They reported that SISCOM
images were localizing in 88.2% compared with
39.2% for traditional visual inspection of ictal SPECT
and concordance between SISCOM localization and
site of surgery is predictive of good surgical outcome.
Though the injection time after ictal onset did not
show a statistical difference between the localizing
and the non-localizing groups in our study, the faster
injection would increase the diagnostic sensitivity.
However, there is a wide variation in the limit of
injection time appropriate for correct localization.
Despite the delayed injection, ictal SPECT correctly
localized the epileptogenic focus in some patients with
slow propagation on ictal EEG. However, in patients
with rapid propagation, ictal SPECT was usually non-
localizing. Thus, the pattern of propagation as well as
the injection time is an important factor for the correct
assessment of the validity of ictal SPECT.
When planning an invasive study, because we
cannot exclusively rely on ictal scalp and semiology,
PET and ictal SPECT play important complementary
roles. Though the diagnostic sensitivity of PET and
ictal SPECT are less than that of ictal scalp EEG, they
provide useful supportive information and sometimes
play an independent role in the localization of epilep-
togenic foci as shown by Table 6. Furthermore, as the
lateralizing values were comparable to those of ictal
scalp EEG, they gave useful information for planning
an invasive study. However, they are sometimes
falsely localizing or lateralizing, and caution should
be exercised when interpreting the results.
The resection of the epileptogenic lesion with the
ictal onset zone is recognized as the most important
factor for good surgical outcome3, 24. However, in
the case of no structural lesion on MRI, the correct
localization of the epileptogenic foci seems to be
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Fig. 3: Ictal SPECT of right FLE patient showed hyperperfusion in the right (R) frontal lobe. L = left.
difficult. In addition to this problem, characteristics
of neocortical epilepsy such as a widespread epilep-
togenic process, rapid propagation of the ictal rhythm,
and the presence of eloquent areas also contribute to
poor prognosis.
The results of the present study suggest that surgical
treatment can be of benefit in many patients with non-
lesional neocortical epilepsy. Though only 39% of
patients remained seizure free, 80.5% of patients had
a seizure reduction of more than 90%. Furthermore,
among those patients with poor outcome, four patients
had a seizure reduction of more than 75%.
Though our study failed to identify predictive fac-
tors for surgical outcome, the location of epileptogenic
foci does seem to affect the surgical outcome. In
extrafrontal lobe epilepsy, 20 of 22 patients had
good outcome and these included 11 seizure free
patients. In contrast, the surgical outcome of FLE was
less favourable. The limitations of complete resection
due to eloquent areas and the difficulty in sufficient
sampling of intracranial recordings for the medial and
orbitofrontal areas might be related to poor outcome
in FLE.
The concordance of non-invasive studies also seems
to be related to surgical outcome. Concordance in
more than two modalities was found in 11 of 33
patients with good surgical outcome, whereas only
one out of eight patients with poor surgical outcome
were found to exhibit such concordance. That patient
had epileptogenic focus in the left superior temporal
gyrus near the speech centre and incomplete resection
seemed to be related to poor surgical outcome. In the
case of concordance in non-invasive modalities, the
epileptogenic area is likely to be well circumscribed
and a good surgical outcome would be expected.
Of the eight patients with poor outcome, resection
seems to have been incomplete due to the eloquent
area in three patients. Non-contiguous, rapid propa-
gation to distant electrodes in intracranial recordings
was observed in three patients. In these circumstances,
false localization caused by sampling error or diffuse
epileptogenic process seems to be the cause of poor
outcome. In one patient, independent multifocal onset
was observed and resection was performed in only
one area. In another patient with an ictal onset zone
in the medial parietal lobe, the cause of poor surgical
outcome could not be rationalized because resection
was unaffected by the eloquent area.
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